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COOPERATIVE DOWNLOAD AMONG equal to or less than the number of nodes in the array of 
LOW - END DEVICES UNDER RESOURCE nodes ; for each data chunk in the plurality of data coopera 

CONSTRAINED ENVIRONMENT tive chunks , assigning the data chunk to a node in the array 
of nodes , the assignment being based on the determined 

FIELD OF THE INVENTION resources available for the assigned node , wherein each node 
is assigned either zero or one data chunk , such that the set 

In embodiments , the technical field of the invention is of nodes assigned a data chunk forms a set of downloading 
methods and systems for efficient arrangement , use , and nodes ; downloading , by each node in the set of downloading 
management of networked electronic devices . nodes , the respective assigned data chunk to form a set of 

10 downloaded data chunks , selecting from the array of nodes 
BACKGROUND at least one aggregator node , the selection based on the 

determined resources available for the selected node ; 
In emerging markets such as Africa , the proliferation of retrieving , by the aggregator node or nodes , the downloaded 

mobile technology and other social factors have attributed to data chunks from the set of downloading nodes ; and recom 
rapid increase in content digitization and creation . Such 15 bining , by the aggregator node or nodes , the downloaded 
contents include e - books , multimedia resources , music , data chunks to form a copy of the coherent set of data . In 
games , etc . This proliferation is driven by mobile or embodiments : 
e - Learning , library services , the booming entertainment the determined resources available comprises remaining 
services , and the like , but is also partly driven by campaigns battery life , available memory , available storage , and avail 
for environmental friendly products and less use of printed 20 able download bandwidth , and past history of the node ; 
materials e . g . newspaper . the method further comprises identifying the coherent set 

Typically , for easy distribution , digitized content is stored of data on a remote device , and retrieving metadata pertain 
in centralized servers where it can be easily accessed via ing to the coherent set of data ; 
mobile or sensory devices either through WiFi or Cellular the method further comprises monitoring the resources 
network . As a result of this , various models and content 25 available for each node in the array of nodes during the 
sharing protocols have evolved . For example , Peer to Peer downloading of the respective assigned data chunk , and 
( P2P ) file / content sharing models have evolved from early re - assigning a data chunk if a node becomes unsuitable for 
networks like Napster to later models like BitTorrent pro 
tocols . Also for example , client - server file / content sharing the dividing the coherent set of data comprises download 
involves content that is stored in a server and presented to 30 ing , from the remote device , metadata pertaining to the set 
clients on request . Presently with these techniques , a user of data ; 
has to maintain the connection between the peers when wherein collecting resource data is based on monitoring , 
downloading content . measuring or instrumenting physical devices / sensors such as 

However , these file sharing models present various major the battery level , voltmeter sensor , current / remaining avail 
drawbacks in resource constrained environments such as in 35 able memory , current / remaining storage space , bandwidth , 
Africa , where various resources such as intermittent con type of network / connectivity ( 2 G , 3G , 4G , Wifi , etc ) , etc . ; 
nectivity , bandwidth , time , battery power , etc . are limited in wherein resources in a downloader node may be recon 
view of the popularity of low - end tablet / mobile / sensor figures or re - allocated based on content downloaded and 
devices . distributed ( e . g . instantiating virtual machine ) ; 

In case where a large file ( e . g . multimedia files such as 40 wherein determining or estimating resource index level 
video learning content ) is to be downloaded and the user has may involve analyzing collected data about usages of physi 
limited bandwidth , the content acquisition is constrained by cal resources per service / application ( e . g . social media , 
the above - mentioned factors . camera ) ; 

Although cellular network connectivity has greatly wherein determining or estimating resource index level 
improved , this is often not the case in remote or acute 45 may involve analyzing collected data about usages of physi 
resource constrained areas such as in African classrooms , cal resources per service / application ( e . g . social media , 
leading to poor learning and teaching experience . Improved camera ) , and the instrumentation engine may decide to 
methods for accessing network - stored content would be switch off some devices ( e . g . GPS , accelerometer , camera , 
desirable to improve such resource constrained accessibility . etc . ) based on context analysis ; 

50 wherein the instrumentation engine may decide to switch 
SUMMARY OF THE INVENTION off some devices ( e . g . GPS , accelerometer , camera , etc . ) 

based on context analysis ; 
Goal of this invention include : to compute the Promise wherein the determining the resources available for each 

Index of node - based resource index and reliability index of node in an interconnected array of nodes comprises 
individual low - end devices ; to combine resources so as to 55 machine - readable instructions suitable to cause a master 
reduce constraints , improve reliability score , and segment node to identify such resources ; 
content to cooperatively download , aggregate and distribute wherein the determining the resources available for each 
chunks with intelligent error handling and response tech - node in an interconnected array of nodes comprises access 
niques ; and to improve resource utilization for low - end ing one or more sensors for detecting any combination of the 
devices which are common in emerging market while sched - 60 following resources : available memory , remaining battery 
uling to download content . life , available download bandwidth , and available CPU 

In an aspect , then , is a method for cooperative download - capacity ; 
ing of data , the method comprising : determining the wherein the determining the resources available for each 
resources available for each node in an interconnected array node in an interconnected array of nodes comprises access 
of nodes ; dividing a coherent set of data ( e . g . content ) on a 65 ing ( by a master node ) one or more sensors for detecting any 
remote device into a plurality of data chunks , wherein the combination of the following resources : available memory , 
number of data chunks in the plurality of data chunks is remaining battery life , available download bandwidth , and 
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available CPU capacity , wherein the one or more sensors are mined resources , and wherein the master node coordinates 
resident in a node from the array of nodes ; the downloader and aggregator nodes . 

the method further comprises selecting from the array of In an aspect is a method for cooperative downloading of 
nodes a master node and configuring the master node to data , the method comprising : identifying , by an initiating 
coordinate the downloading and aggregator nodes ; 5 node , an array of nodes in communication via a network , the 

a plurality of nodes are selected as aggregator nodes , and array of nodes comprising the initiating node ; characterizing 
wherein each aggregator node retrieves downloaded data the resources available for each node in the array of nodes ; 
chunks from the set of downloading nodes ; identifying a single master node from the array of nodes ; 

prior to determining the resources available for each node identifying a set of downloading nodes from the array of 
in the array of nodes , one node from the array of nodes e array of nodes 10 nodes ; identifying an aggregator node or nodes from the 
identifies the coherent set of data on the remote device ; array of nodes ; for each downloading node in the array of 

the downloading nodes are selected based on available nodes , assigning either zero or one data chunk from a 
coherent set of data chunks residing on a remote device ; download bandwidth and remaining battery life , and the downloading , by the set of downloading nodes , the assigned aggregator node or nodes are selected based on remaining 15 18 15 data chunks from the remote device ; and aggregating , by the battery life and available memory ; aggregator node , the downloaded data chunks to form a copy the method further comprises analysing the determined of the coherent set of data . In embodiments : resources for a node in the array of nodes to generate a the downloading nodes and the aggregator node or nodes 

reliability index indicative of the reliability of the node as a are identified by the master node ; and 
downloader node , aggregator node , or master node ; 20 the method further comprises a recruitment algorithm that 

the method further comprises distributing , from the aggre - continuously monitors the resources available to the down 
gator node or nodes , the copy of the coherent set of data to loading nodes and aggregator node or nodes , dynamically 
each node in the array of nodes ; and allocates data chunks to downloading nodes based on the 

the method further comprises displaying , on an interface , determined resources available , and dynamically assigns 
the copy of the coherent set of data ; 25 aggregator tasks based on the determined resources avail 

the method further comprises outputting the copy of the able . 
coherent set of data ; In an aspect is a method for cooperative downloading of 

the method further comprises outputting the copy of the data , the method comprising : identifying , by an initiating 
coherent set of data via a display ; node , an array of nodes in communication via a network , the 

the method further comprises outputting the copy of the 30 array of nodes comprising the initiating node ; for each node 
coherent set of data via a user interface ; in the array of nodes , characterizing the promise index for 

the method further comprises altering a user interface on the node , wherein the promise index is a function of a 
a node in the array of nodes so as to display the copy of the resource index based on the instantaneous resources avail 
coherent set of data ; able to the node and a reliability index based on the 

the method further comprises altering a user interface on 35 historical log of the node ; identifying , based on the resource , 
each node in the array of nodes so as to display the copy of reliability , and promise indices , a set of downloading nodes 
the coherent set of data ; from the array of nodes ; identifying , based on the resource , 

the method further comprises altering a user interface on reliability , and promise indices , an aggregator node or nodes 
a node in the array of nodes so as to display the copy of the from the array of nodes ; for each downloading node in the 
coherent set of data and to provide content specific tools to 40 array of nodes , assigning either zero or one data chunk from 
the user of the node ; a coherent set of data chunks residing on a remote device ; 

the method further comprises altering a user interface on downloading , by the set of downloading nodes , the assigned 
a node in the array of nodes so as to display the copy of the data chunks from the remote device ; aggregating , by the 
coherent set of data and to provide editing and / or notating aggregator node , the downloaded data chunks to form a copy 
and / or display and / or commenting tools to the user of the 45 of the coherent set of data ; and displaying the copy of the 
node ; coherent set of data on a display associated with the initi 

the method further comprises distributing , by the aggre ating node . In embodiments , the method further comprises 
gator node or nodes , the copy of the coherent set of data to dynamically monitoring the resource , reliability , and prom 
all non - aggregator nodes in the array of nodes , such that all ise indices for each node in the array of nodes , and dynami 
nodes in the array of nodes obtain a copy of the coherent set 50 cally assigning download and aggregator tasks based on the 
of data ; monitored indices . 

the method further comprises distributing , by the aggre - In an aspect is a system comprising : a processor ; a 
gator node or nodes , the copy of the coherent set of data to memory coupled to the processor , the memory configured to 
all non - aggregator nodes in the array of nodes , and storing store program instructions for instructing the processor to 
the distributed copy of the coherent set of data locally by 55 carry out any of the methods described above and herein . 
each node , such that all nodes in the array of nodes obtain These and other aspects of the invention will be apparent 
and store a copy of the coherent set of data . to one of skill in the art from the description provided herein , 

In an aspect is a system comprising a plurality of nodes , including the examples and claims . 
each node of the plurality of nodes comprising : a processor ; 
a memory coupled to the processor , the memory configured 60 BRIEF DESCRIPTION OF THE DRAWINGS 
to store program instructions for instructing the processor to 
carry out the method as above . In embodiments : FIG . 1 provides a flowchart showing the overall process 

the plurality of nodes are interconnected via a network ; of allocating a plurality of data chunks to nodes according to 
and an embodiment of the invention . 

the program instruction are configured to instruct one 65 FIG . 2 provides a flowchart showing the conversion of a 
node from the plurality of nodes to act as a master node , coherent set of data ( i . e . , a data file ) to a plurality of data 
wherein selection of the master node is based on the deter - chunks according to an embodiment of the invention . 
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FIG . 3 provides a flowchart showing the allocation of aggregator node or nodes , the downloaded data chunks to 
roles among nodes by the master node according to an form a copy of the coherent set of data . 
embodiment of the invention . In an aspect is a method for cooperative downloading of 

FIG . 4 provides a flowchart showing the process of data , the method comprising : identifying , by an initiating 
downloading the plurality of data chunks and converting to 5 node , an array of nodes in communication via a network , the 
a copy of the coherent set of data according to an embodi - array of nodes comprising the initiating node ; for each node 
ment of the invention . in the array of nodes , characterizing the promise index for 

FIG . 5 provides a flowchart showing the process of the node , wherein the promise index is a function of a 
downloading the plurality of data chunks and converting to resource index based on the instantaneous resources avail 
copies of the coherent set of data according to an embodi - able to the node and a reliability index based on the 
ment of the invention . historical log of the node ; identifying , based on the resource , 

FIG . 6 provides a flowchart showing the architecture of reliability , and promise indices , a set of downloading nodes 
nodes according to an embodiment of the invention . from the array of nodes ; identifying , based on the resource , 

reliability , and promise indices , an aggregator node or nodes 
DETAILED DESCRIPTION OF VARIOUS from the array of nodes ; for each downloading node in the 

EMBODIMENTS array of nodes , assigning either zero or one data chunk from 
a coherent set of data chunks residing on a remote device ; 

In an aspect is a method for intelligent content download downloading , by the set of downloading nodes , the assigned downloading by the set of downloading nodes , the assigned 
ing under resource constrained situation using predicted 20 data chunks from the remote device ; aggregating , by the 
resource constrained level and reliability index of low - end aggregator node , the downloaded data chunks to form a copy 
devices . of the coherent set of data ; and displaying the copy of the 

In an aspect is a system for collaboratively and efficiently coherent set of data on a display associated with the initi 
downloading contents in a resource constrained environ - ating node . In embodiments , the method further comprises 
ment by ( 1 ) segmenting and sequencing the content to be 25 dynamically monitoring the resource , reliability , and prom 
downloaded , ( 2 ) determining state of available resources of ise indices for each node in the array of nodes , and dynami 
member nodes , and ( 3 ) reassigning failed task of timed out cally assigning download and aggregator tasks based on the 
nodes . monitored indices . 

In an aspect is a cooperative content downloading system In an aspect is a method for cooperative downloading of 
comprising : probing file / content server initiating content 30 data , the method comprising : identifying , by an initiating 
downloading process by a group of qualified nodes within an node , an array of nodes in communication via a network , the 
ad - hock network setting ; a resource monitoring module that array of nodes comprising the initiating node ; characterizing 
tracks the current and on - going nodes activities to determine the resources available for each node in the array of nodes ; 
the resource level of a node ; a reliability analysis module identifying a single master node from the array of nodes ; 
that measures how a device in the network is reliable to 35 identifying a set of downloading nodes from the array of 
receive a downloading , aggregating or distributing task ; a nodes ; identifying an aggregator node or nodes from the 
predictive module that determines how a node is promising array of nodes ; for each downloading node in the array of 
to take up a task based on measured resource and reliability nodes , assigning either zero or one data chunk from a 
levels and other context information ; and an error handling coherent set of data chunks residing on a remote device ; 
module that constantly checks if a node is still in system 40 downloading , by the set of downloading nodes , the assigned 
assigned role . In embodiments the recruitment algorithm data chunks from the remote device ; and aggregating , by the 
( recruitment companion ) dynamically decides the size of a aggregator node , the downloaded data chunks to form a copy 
chunk segment based on node ' s dynamic values R , RI , PI , of the coherent set of data . 
etc . In embodiments , the method of reconstruction of down - In an aspect is a system comprising a plurality of nodes , 
loaded content and delivery in the ad - hoc network further 45 each node of the plurality of nodes comprising : a processor ; 
allow all nodes to be able to independently reconstruct the a memory coupled to the processor , the memory configured 
file by requesting all segments from other nodes . to store program instructions for instructing the processor to 

In an aspect is a method for cooperative downloading of carry out the method as above . 
data , the method comprising : determining the resources The methods described herein involve reconstruction of 
available for each node in an interconnected array of nodes ; 50 downloaded content and delivery in ad - hoc network , and 
dividing a coherent set of data ( e . g . content ) on a remote they have a number of advantages and uses . For example , 
device into a plurality of data chunks , wherein the number the methods allow users to minimize use of costly resources 
of data chunks in the plurality of data chunks is equal to or on each node . Low - cost devices , wherein the likelihood of 
less than the number of nodes in the array of nodes ; for each a node to be under resource constraint is high , are ideally 
data chunk in the plurality of data chunks , assigning the data 55 suited for the methods , although the methods can be gen 
chunk to a node in the array of nodes , the assignment being eralized to high - end devices as well . The methods can assist 
based on the determined resources available for the assigned resource constrained situations , particularly because the 
node , wherein each node is assigned either zero or one data methods minimize the use of costly resources on each node , 
chunk , such that the set of nodes assigned a data chunk including bandwidth use and battery usage . A wide - range of 
forms a set of downloading nodes ; downloading , by each 60 application areas are suitable , include those in emerging 
node in the set of downloading nodes , the respective markets or generally in low resourced environment such as 
assigned data chunk to form a set of downloaded data in the classroom , in community training , field data collec 
chunks ; selecting from the array of nodes at least one tion , mobility data collection ( e . g . , roads and road infra 
aggregator node , the selection based on the determined structure data collection on moving vehicles , etc . ) and the 
resources available for the selected node ; retrieving , by the 65 like . 
aggregator node or nodes , the downloaded data chunks from In an aspect is a system comprising : a processor ; a 
the set of downloading nodes ; and recombining , by the memory coupled to the processor , the memory configured to 
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store program instructions for instructing the processor to index is the computed value that informs how a node is 
carry out any of the methods described above and herein . reliable to be recruited for downloading a chunk and / or 

The methods involve an interconnected array of nodes . aggregating chunks based on historic log , past reliability 
The array may comprise any number of nodes such as in the pattern , current resource state , etc . The promise index pre 
range of 3 - 1000 , 3 - 500 , 3 - 100 , 3 - 50 , or 3 - 25 nodes , or such 5 dicts how a node is promising to take up a particular role ( be 
as equal to or greater than 3 , 5 , 7 , 10 , 15 , 20 , 25 , 50 , 100 , it master , downloader , or aggregator , as described herein ) 
150 , 200 , 300 , 500 , or 1000 nodes . The nodes are intercon - dynamically using functions of the reliability index and 
nected ( i . e . , networked ) by any suitable physical or wireless current resource index of a node . 
networking infrastructure / architecture , including WAN , Eth The characterization by the initiating node is , in embodi 
ernet , WiFi , Bluetooth , WiMAX , 3G , 4G , GSM , and the 10 ments , solely for the purpose of selecting a master node from 
like . the array of nodes . In some embodiments the initiating node 

In embodiments , the nodes form a wireless ad - hoc net - becomes the master node , either by default ( i . e . , the nodes 
work ( WANET ) . The nodes on the ad - hoc network may be are configured to automatically nominate the initiating node 
dynamically added or dropped depending on connectivity as the master node , in which case characterization of the 
and other aspects . The ad - hoc network is also connected to 15 nodes by the initiating node is unnecessary and is not carried 
one or more content servers , such as a content server on the out ) or because the initiating node most closely matches the 
Internet . The content server is not one of the nodes in the criteria set for master node as determined by the character 
interconnected array of nodes but is capable of communi - ization . Characteristics for a master node ( i . e . , desired values 
cating with each of the nodes in the array . Such communi for R , RI , and PI ) can be preselected and can be modified as 
cation may however be intermittent , slow , or otherwise 20 needed according to the context . For example , the master 
unreliable . In embodiments , the content server is HTTP1 node may be selected as a node with sufficient or more than 
compliant ( or the equivalent ) , such that individual chunks of sufficient remaining battery life ( i . e . , sufficient to keep the 
data from a coherent set of data can be accessed individually node operating throughout the expected / calculated length of 
on the server . time required to finish the download and aggregation and 

In embodiments , one of the nodes in the array of nodes , 25 distribution ) , sufficient or more than sufficient unused CPU 
referred to herein as the initiating node , identifies a coherent capacity ( i . e . , sufficient to ensure that the node can monitor 
set of data ( i . e . , a data file ) on a content server that the and coordinate all activities of the nodes ) , and sufficient or 
initiating node seeks to download . The coherent set of data more than sufficient network connectivity ( e . g . , a reliability 
is content and may be a video file , text file , audio - visual file , index indicating a stable network connection sufficient to 
image file , data file , or any combination thereof . The coher - 30 allow the node to maintain monitoring of the activities of all 
ent set of data may contain pointers to secondary coherent other nodes ) . 
sets of data , and if those secondary coherent sets of data are In embodiments , multiple nodes connected to the ad - hoc 
also desired for download by the initiating node , they network each individually probe the content server . The first 
become part of the coherent set of data for the purpose of the node that passes the selection criteria as determined using a 
methods disclosed herein . Identification of the coherent set 35 node selector function automatically becomes the master 
of data by the initiating node may be based on user input or n ode . Further details of the node selector function are 
based on an automatic process that results in such identifi - provided herein . 
cation ( e . g . , auto - updates and the like ) . The master node , once selected , characterizes the 

In embodiments , the initiating node also analyses the resources and reliability of all other nodes in the array . Such 
nodes in the ad - hoc network ( i . e . , the array of nodes ) , 40 characterization is similar to the characterization by the 
characterizing each node ' s available resources and reliabil initiating node , and results in values for R , RI , and PI for 
ity . Resources may be selected from remaining battery life , each node in the array of node . The purpose for the char 
available memory ( i . e . , volatile memory ) , available storage acterization by the master node is for the master node to 
( . e . , non - volatile storage ) , unused processor capacity , avail assign roles ( downloading and aggregator nodes as 
able download bandwidth , past history of the node , and / or 45 described herein ) to the various nodes in the array of nodes . 
node / network cohorts . As described herein , sensors are Assignment of roles can be based on preselected criteria 
incorporated into the nodes and / or routers and / or other ( i . e . , absolute values ) for the downloading and aggregator 
devices on the network such that such information can be roles , or can be based on relative index values compared 
obtained . Reliability includes the stability of the network across the various nodes in the array of nodes . For example , 
connection for the node , stability of the power supply , and 50 the resource indices can be ranked from greatest to least and 
other reliability factors . It will be appreciated that certain the roles assigned based on the relative ranking . Roles are 
physical sensors may be present in each node ( or , in embodi - assigned in order to take advantage of resources where they 
ments , in specific designated ) nodes in order to make such are located . In embodiments , the R , RI , and PI values are 
measurements . For example , a voltmeter sensor may be used exclusively for assignment of roles by the master node . 
present to measure remaining battery life . Also for example , 55 In other embodiments , the master node can use the R , RI , 
a frequency counter or other suitable sensor may be present and PI values as well as more fine grained data ( e . g . , actual 
to measure available download bandwidth . Other character remaining battery life , actual CPU usage values , etc . for 
ization input may be determined from analysing node each node ) in order to assign roles . 
memory ( e . g . , past history of the node ) and / or analysing For example , downloader nodes may be those with high 
router data for a router on the network and in communication 60 remaining battery life , high download bandwidth , and low 
with the characterized node ( s ) . CPU usage . For example , downloader nodes may be those 

The characterization results in determination of three with : remaining battery life that is sufficient or more than 
factors : a resource index ( R ) ; a reliability index ( RI ) ; and a sufficient to keep the node operating throughout the 
promise index ( PI ) . The resource index is an estimated expected / calculated download time for an assigned data 
resource level required to decide a node ' s ability to collab - 65 chunk ; a download bandwidth that will enable the node to 
oratively download a content based on the current usage of complete download of the expected data chunk in a reason 
on - going and planned activities on the node . The reliability able amount of time , such as approximately the same 
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amount of time that other nodes will require for their The master node further comprises a number of modules , 
respective downloads ; and CPU usage that leaves sufficient including a resource manager module , a download manager 
CPU capacity for processing the download of the expected module , a probing engine , and a resource index tracking 
data chunk . Available storage may be less important for algorithm . 
downloading nodes . 5 The probing engine initiates the content downloading 

Also for example , aggregator nodes may be those with process by communicating with other modules and with 
high remaining battery life and high available storage . For other nodes . In embodiments , the probing engine commu 
example , aggregator nodes may be those with : remaining nicates directly with the content server . In embodiments , all 
battery life that is sufficient or more than sufficient to keep nodes comprise a probing engine , particularly since any 
the node operating throughout the expected calculated 10 node in the array of nodes can be the initiating node , and the 
aggregation time for the coherent set of data ; the available probing engine is used by the initiating node to identify a 
storage is sufficient or more than sufficient to store aggre desired coherent set of data desired for download . A spe 
gated chunks ( i . e . , chunks from multiple downloader nodes ) . cialized node ( e . g . , an initiator node or the master node ) may 
Download bandwidth may be less important for aggregator run the Probing Engine to find the file metadata from the 
nodes . 15 server e . g . file size and modified time . 

Selection and assignment of a master node and subse - In embodiments , the master node or the initiator node 
quent selection and assignment of downloader nodes , aggre pings the content server to get metadata about the coherent 
gator nodes , and idle nodes may be accompanied by physical set of data ( i . e . , the file to be downloaded ) . Such metadata 
changes to the nodes as they receive their various assign may include the file size , whether the file links to other files , 
ments , and / or may further result in re - allocation of resources 20 the file format , and the like . In embodiments , the master 
and priorities on the network . For example , the network may node broadcasts this information to all other nodes in the 
be reconfigured ( in particular , routers on the network may be network such that the other nodes will have a copy of the 
reconfigured ) to ensure that downloading nodes are given information pertaining to the content to download . The 
priority in allocation of download bandwidth , particularly master node or initiator node can simply publish the infor 
immediately after selection of the set of downloading nodes 25 mation on global history bus to which the other nodes 
or selection of any single downloading node . For example , subscribe . In embodiments this information is used by the 
the network may be reconfigured ( e . g . , routers on the various nodes according to their assigned roles ( e . g . , an 
network may be reconfigured ) to prioritize data traffic origi - aggregator node may use the information to reconstruct the 
nating from downloader nodes destined for aggregator original coherent set of data , etc . ) . 
nodes . In embodiments , one or more nodes may be indi - 30 The resource manager module keeps track of the remain 
vidually reconfigured . For example , a node may be selected ing resource index ( i . e . , the index that is determined by 
as a downloader node and subsequently reconfigured to available storage , battery life , network connectivity patterns , 
devote more of the node ' s resource ( battery power , network etc ) at each node . In embodiment the resource manager 
bandwidth , etc . ) to the assigned task of downloading a module estimates when a resource may likely be available 
section of the coherent set of data . For example , a node may 35 again ( e . g . a particular node was network connected 3 times 
be selected as an aggregator node and subsequently recon - in last 2 hours and the battery level was 10 % in past 5 
figure to devote more of the node ' s resources ( battery power , minutes , etc ) and communicate this information with the 
memory , CPU activity , etc . ) to the assigned task of retrieving Resource Index Tracker ( described herein ) . This tracking is 
downloaded content from the downloader nodes and aggre - done throughout the downloading process to ensure that 
gating the content as appropriate . For example , a node may 40 maximum efficiency is maintained . The master node may 
be selected as an idle node and subsequently reconfigured to reassign roles based on changes in the resource indices , as 
put more resources in idle mode , so as to save resources in determined by the resource manager module . Indeed , the 
the event that the node is later reassigned by the master node . system monitors the on - going and planned activities of each 
In embodiments , new or current virtual machines may be node to determine the resource constrained level and reas 
incorporated into the network by the master node in order to 45 sign roles , including the role of the master node if necessary . 
efficiently complete the downloading and aggregating task . A node can change a role ( i . e . Master , Downloader , Aggre 
In embodiments , the network may be reconfigured to gator ) based on computed values such as R , RI , and PI , as 
include such virtual machines . In embodiments the network well as other factors determined by the master node . 
may be reconfigured to access additional nodes , or addi - In embodiments , some nodes ( e . g . less than or equal to 1 , 
tional memory , where such resources are available on the 50 2 , 3 , 5 , or 10 nodes , or less than or equal to 20 , 15 , 10 , or 
network . 5 % of the nodes in the array ) in the array of nodes are 

The number of downloader nodes , aggregator nodes , and assigned by the master node to be initially idle . For example , 
idle nodes may be selected according to predetermined idle nodes are held in reserve in case a downloading node or 
values or may be selected based on the context ( e . g . , the an aggregator node drops from the network ( e . g . , due to a 
characteristics of the coherent set of data , the quality of the 55 dead battery or a dropped network connection ) . The master 
network connections , etc . ) . In embodiments , the downloader n ode continues to monitor the resource , reliability , and 
nodes comprise between 40 - 90 % or 40 - 80 % or 50 - 80 % of promise indices of the idle nodes , and substitutes an idle 
the total nodes in the array of nodes , with the aggregator node when / where appropriate and / or necessary . 
nodes comprising between 5 - 30 or 10 - 30 % of the total In embodiments , a chunker module in the master node 
nodes , and the idle nodes comprising the remaining balance 60 chunks the content ( i . e . , divides the coherent set of data ) into 
of nodes ( e . g . , 3 - 30 % of the total nodes ) , keeping in mind a given number of logical segments ( also referred to as 
that one node in the array of nodes is a master node . For " chunks " ) . The size of each segment can be determined in a 
example , in an array containing 20 nodes , one of which is variety of ways . In embodiments , each chunk is assigned to 
the master node , the downloader nodes may be 14 in a downloader node , and the size of a segment is determined 
number , the aggregator nodes may be 2 in number , and the 65 based on the resources available at the node that is assigned 
idle nodes may be 3 in number . Any other suitable distri - to download the segment . Alternatively , the size of the 
bution of the nodes is also envisioned . segments can be non - specific and averaged based on the 
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average of resource indices in the array of nodes . In embodi - a tree - structure is used . The downloader nodes are divided 
ments the sizes of segments are dynamic — as nodes increase into groups of two , three , four , or more than four downloader 
or decrease their resource indices , segment sizes can be nodes . Each node in a given group sends its downloaded 
reassigned to ensure that resources are being used most data chunk ( s ) to a single first - level aggregator node that is 
efficiently . In embodiments a recruitment companion mod - 5 common to all nodes in the given group . The aggregator 
ule in the master node , which module continuously monitors node therefore receives all data chunks downloaded by the 
R , RI , and PI values of the downloader nodes and dynami - downloading nodes in its assigned group , and recombines 
cally updates segment sizes accordingly . The recruitment the data chunks as appropriate to form a partial copy of the 
companion also dynamically assigns aggregator tasks based coherent set of data . In this embodiment , first - level aggre 
on determined resources . Similarly , to downloading capac - 10 gator nodes are further divided into groups of two , three , 
ity , the distribution and reconstruction capacity of the vari - four , or more than four aggregator nodes . Each first - level 
ous nodes can be monitored and can be used to assign aggregator node sends its reconstructed partial copy of the 
segment sizes . coherent set of data to a second - level aggregator node . The 

In addition to determining segment sizes , the chunker second - level aggregator node receives all data from the 
module in the master node determines the locations within 15 first - level aggregator nodes in its group , and recombines the 
the content to break the content into chunks . Logical loca - received data as appropriate to form a more complete ( but 
tions include for example , minute markers within a video possibly still partial ) copy of the coherent set of data . The 
file . The total number of logical segments can be predeter second - level aggregator nodes are again grouped , and the 
mined and is , in embodiments , based on the number of process continues until a small number of aggregator nodes 
downloader nodes . For example , if N nodes are assigned as 20 ( possibly , 1 , 2 , or 3 aggregator nodes ) , referred to as 
downloader nodes , the chunker module may create N top - level aggregator nodes , receive data from other aggre 
chunks if each chunk is suitable for downloading by one gator nodes and are able to form a compete copy of the 
downloader node . Alternatively , if the chunks are selected so coherent set of data . At this point distribution ( described 
as to be smaller in size , it may be appropriate for each below ) is carried out . In an alternative embodiment , only 
downloader node to download two chunks , in which case the 25 one set of aggregator nodes are present ( or only a single 
chunker module would create 2N chunks . aggregator node is present ) . Each aggregator node receives 

After determining the logical segments ( i . e . , chunk sizes data chunks from all downloader nodes , and each aggregator 
and file locations for defining chunks ) , the master node node is therefore able to immediately form a complete copy 
assigns the segments to the downloading nodes , and the of the coherent set of data . This embodiment is suitable 
downloading nodes begin the downloading process . The 30 when the number of downloader nodes is small enough such 
downloading nodes access their assigned segments from the that communication between all downloader nodes and a 
content server and store the downloaded material locally . single aggregator node is manageable . 
During the downloading process , the resource manager Transmission of data chunks from a downloader node to 
monitors the status of each downloading node - for example the aggregator node ( as well as between aggregator levels ) 
the node ' s R , RI , and PI values , as well as its progress in the 35 can be done in packets as the downloader node receives the 
download . If the node drops out of the ad - hoc network , or data , or as a single bulk transmission of the entire data chunk 
the node ' s R , RI , or PI values drop to unacceptable levels , once the data chunk has been entirely downloaded . 
the master node may reassign the node and transfer the The aggregator node recombines data chunks according to 
node ' s assigned segment to another available node ( such as instructions received from the master node . In embodiments , 
an idle node or a node that has already finished downloading 40 as part of the metadata that a master node receives from a 
its assigned segment ) . This process is known as error content server about a coherent set of data , the master node 
handling and applies to downloader nodes as well as aggre - receives a file size ( with which the aggregator node can 
gator nodes . The nodes can also be configured such that , if determine if it has received a full set of data chunks 
the master node registers an error ( drops from the network , sufficient to reconstruct the entire coherent set of data ) . The 
for example ) , another node can be promoted to master node 45 master node also receives or determines a scheme that 
so that the process can continue . enables the aggregator nodes to properly reconstruct the 

The downloaded chunks must be aggregated in order to coherent set of data from the data chunks into which it is 
reconstruct a copy of the original coherent set of data . divided . Such scheme creates a sequencing of the data 
Accordingly , certain nodes from the array of nodes are chunks . The said scheme may describe a workflow about 
selected as aggregator nodes . Aggregator nodes , under the 50 how the aggregation process should be done based on cohort 
direction of the master node , accept multiple downloaded analysis of prior efficient aggregation or downloading on 
data chunks from multiple downloader nodes and combine similar content or chunks per aggregator nodes . Alterna 
the data chunks as appropriate to reconstruct the coherent set tively , each aggregation node can fetch the cohort analysis 
of data . Depending on the number of downloader nodes and values of historic similar aggregation patterns for a chunk 
other factors ( e . g . , connectivity , available resources , etc . ) , 55 from the global history table ( GHT ) , as discussed herein . 
either one node or more than one nodes may be assigned as Once the aggregator node ( s ) has a complete copy of the 
aggregator nodes . In embodiments , a plurality of nodes is coherent set of data , the method further comprises distrib 
selected as aggregator nodes . The number of aggregator u ting , from the aggregator node or nodes and via the ad - hoc 
nodes may be , for example , N / 2 or less than N / 2 , wherein N network , the copy of the coherent set of data to each node 
is the number of downloader nodes . In some embodiments , 60 in the array of nodes . In embodiments , all nodes in the array 
a single node , or two nodes , is / are sufficient as the aggre - of nodes received the complete copy . In embodiments , nodes 
gator node ( s ) . In embodiments , the number of aggregators is that were part of the original array of nodes but dropped 
log2N , where N is the number of downloader nodes . from the network during the downloading or aggregating 

Aggregation by the aggregator node ( s ) may follow a process may be later reconnected to the network and receive 
variety of processes , provided that the end goal is to form a 65 from an aggregator node the complete copy . It should be 
copy of the original coherent set of data and distribute that clear that , using the disclosed methods , each downloader 
copy to the nodes in the array of nodes . In one embodiment , node is connected to the content server ( i . e . , connected 
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externally beyond the ad - hoc network ) for only the period of resource index . The MTTU is further updated based on the 
time that is required to download a data chunk , as opposed output of the resource index tracking algorithm . The 
to previous methods where each node is required to be resource index tracking algorithm uses trends in the avail 
connected to the content server for the entire length of time able resources to predict from previous behaviour how / 
required to download the entire coherent set of data . The 5 whether a node ' s current status or indices is / are going to 
ad - hoc network may remain interconnected even where the change . The PI of a node is then computed using a function 
external network connection to the content server is dis - of the reliability and current resources for a node . When 
rupted , thereby allowing the array of nodes to continue nodes have equal resource index , a node with maximum 
communicating and to complete the process of distributing MTTU can be used to select the most promising node . If 
a complete copy of the coherent set of data to all nodes . 10 there is a tie then an arbitrary node is selected from the tied 

In embodiments , the method further comprises outputting nodes . 
the copy of the coherent set of data via an output device . For M aximize MTTU , Maximize CR , and Minimize CL?PI , 
example , the method comprises displaying , on an interface , for node i 
the copy of the coherent set of data . The interface can be a If the Current Resources ( CR ) and Current Load ( CL ) are 
visual or audio - visual interface , or any other appropriate 15 the same then Pl _ nt is selected as : 
interface given the type of data in the coherent set of data . PI . = Max ( MTTU , , MTTU , , . . . MTTU ) 
Such display or other form of output can be done at each wherein N is the total number of available nodes in the 
node in the array of nodes having received the complete network excluding the master . 
copy of the coherent set of data , such as at all nodes in the By monitoring the current usage of ongoing and planned 
array of nodes . In embodiments , display is automatic once 20 activities on the node , the resource index tracker estimates 
the node receives the complete copy of the coherent set of the amount of resources available and also decides the 
data , the node is configured for automatic display of the portion that would enable to collaboratively download e . g . 
same . Examples of suitable output devices include displays size X of the file , wherein the file is of size Z ( where XsZ ) . 
( e . g . , screens or projectors ) , and such displays typically For example , the system receives two videos , content C , 
involve a user interface . Accordingly , the output involves 25 and C , as target downloads ( i . e . , coherent sets of data ) on 
modifying a user interface to display the copy of the the server . The videos are of duration T , and T , , and of size 
coherent set of data , and may further involve modifying the S , and S2 , on an average d amount of resource index needed 
user interface based on the type of data that is thus displayed to perform planned activities . Based on estimated resources , 
( e . g . , providing navigation tools , editing tools , etc . ) . Another it is likely that 8 ' amount ( where d ' < d ) of resource index 
example of an output device is a printer or other device 30 would be allocated to download up to size S , for C , and S2 
suitable for creating a physical copy of the copy of the for C , in times T ' , and T ' , . 
coherent set of data . Sensory reading , activities of each application , and con 

In embodiments , the method further comprises outputting text information are used to determine the source ( server ) 
the copy of the coherent set of data as a data file to an output capability , select a master node , etc . Nodes disclose to the 
device or storage medium ( without necessarily physically 35 master node their computer resource index and reliability 
displaying or printing the data file ) . For example , the method index by updating the GHT , [ < S ' 1 , T ' ; > , < S ' 2 , T ' 2 > ] as their 
comprises storing the copy of the coherent set of data in a downloading capability . The master node stores all the 
non - volatile memory such as a hard disc drive , DVD , DVR , nodes ' resource indexes { [ < S ' 1 , T ' , > , < S ' 2 , T ' 2 > ] , . . . [ < S ' N , 
flash memory device , or the like . The method may involve T ' N > , < S ' N , T ' » > ] } on publicly accessible resource index 
outputting the copy of the coherent set of data to a data port 40 hash table H within GHT . Each node in the network runs a 
( e . g . , a USB port ) or a data interface to a data network . copy of the resource predictor algorithm . 

The methods may further involve , in embodiments , input - The resource manager keeps track of remaining resource 
ting a file to the server such that the file can be accessed on index ( e . g . , storage , battery life , network connectivity pat 
the server by the ad - hoc network . The input may involve any terns , etc ) at each node to estimate when a resource may 
suitable input device or method , including image capture of 45 likely be available again ( e . g . , connected 3 times in last 2 
a physical document via an optical scanner or camera , or hours / battery level was 10 % in past 5 minutes etc ) and 
data transfer from another device such as a portable storage communicate with Resource Index Tracker . 
device or external server . Accordingly , the input device may The chunker takes values from the resource index hash 
comprise a data port on a data network , an interface such as table H and content ( with metadata information ) to be 
a USB port or the like , or a physical device such as a DVD 50 downloaded and performs the following three functions : 
or DVR device . Such devices will typically be located at the ( 1 ) Determination of MaxChunk ( H ) — the chunker 
server although in some embodiments one of the nodes in decides on the maximum number of segments M ( where 
the ad - hoc network may be fitted with such an input device M < N ) wherein each with a minimum segment size S min and 
in order to upload files . runs a recruitment function to find K number of nodes that 

An embodiment for executing the roles and processes 55 satisfy this requirement based on the values in H and 
described herein is now described . In the embodiment , a metadata information . 
global history table ( GHT ) is a hash table used to store ( 2 ) Recruit ( N ) — the chunker runs a campaign algorithm 
computed values , and other metadata information , such as to recruit the best K nodes out of N nodes , according to the 
metadata about the coherent set of data and metadata about following algorithm : start by arranging the N nodes into two 
the nodes and their activities . 60 groups depending on the role being played , active ( ANT ) 

The master node ( and any other node type ) is selected and aggregator nodes , based on PI values ; the top V ( where 
using the node selector function . A locally available variant VSK ) nodes will be added into ANT ' s group and the 
of block chain algorithm implementation fetches and dis remaining N - V nodes become aggregator nodes ; and if 
tributes past reliability of the node available in the GHT . N * Smin > S , then the optimal number of segments is M such 
Each node ' s reliability information is determined as a value 65 that M < N . 
described as the Mean Time to Next Unavailability ( MTTU ) ( 3 ) Divide ( C ) — the chunker divides content C of size S 
based on the historic log , past reliability pattern , and current into M dynamic logically segments ( S1 , S1 , . . . Sm ) of 
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corresponding download values A ( A1 , A2 , . . . Aw ) . A ( both part of the master node ) in order to coordinate down 
segment is defined by the temporal / spatial information of its loading by nodes 200 of the identified data segments . Nodes 
boundaries ( e . g . segment from 2nd to 3rd minute of video , 200 are constantly monitored by resource manager 150 and 
or paragraphs 12 to 30 on pages 3 and 4 etc . ) download manager 130 , and the data segments ( chunks ) that 

Given A values to be downloaded by M nodes collabora - 5 they download are communicated to aggregator 300 . Aggre 
tively , use a segment distributor module to allocate segments gator 300 is also monitored by resource manager 150 
and distribute A across each selected node by matching 4 ( connection not shown ) and reconstructs a copy of the 
with individual resource index such that download assign - coherent set of data . The copy of the set of data is trans 
ment is proportional to the current resource index of a node . mitted back to nodes 200 once completed , as well as to the 

The download manager then utilizes a tree structure to 10 master node . Resource index tracker 140 continuously or 
organize and track the segments that are to be downloaded periodically characterizes R , RI , and PI for the nodes 200 
This tree structure can be reorganized so as to accommodate and aggregator 300 ( connections not shown ) . 
the resources available in the array of nodes dynamically With reference to FIG . 2 , there is provided a flowchart 
using approximately log ( K ) rounds of a tournament for the showing the conversion of a coherent set of data 10 ( i . e . , a 
download , where N is the number of chosen participants in 15 data file ) to a plurality of “ n ” data chunks 20 via chunker 
the download process . 

Error handling is the responsibility of the master node . With reference to FIG . 3 , there is provided a flowchart 
During errors where an active node drops off , the remaining showing the allocation of roles among nodes by the master 
nodes can be recruited to continue the download . The node 100 . In the embodiment shown , the various nodes in 
resume download is queued by the error - handling algorithm . 20 the array of nodes are divided into “ n ” downloading nodes 
When there is an available node , during failure the Recruit 200 ( labelled simply as " nodes ” ) , “ n / 2 ” aggregator nodes 
( N ) function is run again to select a suitable candidate for 300 , and two Idle Nodes 400 . 
graduation into an ANT . If no other free node exists , then the With reference to FIG . 4 , there is provided a flowchart 
first node to complete becomes the assigned node . If the showing the process of downloading the plurality of data 
chunks assigned were such that Scie > Sin and the arrival of 25 chunks and converting to a copy of the coherent set of data . 
nodes is such that AT? , - AT , Te ( where Te is the minimal Data chunks 20 are distributed among nodes 200 via down 
integer that can be used as clock drift for concurrent events ) load manager 130 and the segment distributor ( not shown ) 
then the chunker is invoked to split the data into Smin sized of the master node . Data from each pair of nodes 200 are 
blocks for the set of remaining nodes < T , . . . T > . The sent to a common aggregator node 300 . Such aggregators are 
master node further checks the tracker information to see 30 first - level aggregators . Data from the first - level aggregators 
how much of the segment had been aggregated in the are sent to another aggregator 300 , this being a second level 
available nodes . The newly selected node for resume is aggregator . In the Figure , second level aggregator 300 has a 
allocated the remaining range of the file segment . A distrib - complete copy of the file , shown as FileCopy 50 . Idle nodes 
uted hash table is used to recover error states where the 400 remain unused unless called upon to substitute for a 
master node crashes . The newly elected master can recreate 35 node that drops from the network or otherwise becomes 
the tracker information for the file using the information unsuitable . In any case , idle nodes 400 , aggregator nodes 
available in GTH . 300 , nodes 200 , and the master node receive a copy of 

The aggregation process commences after the segments FileCopy 50 from the aggregator node 300 . 
are downloaded and made available to the aggregator nodes . With reference to FIG . 5 , there is provided a flowchart 
A variant of BitTorrent is used with Distributed Hash Table 40 showing an alternative process of downloading the plurality 
and the Master node acting as the Bit Torrent tracker to of data chunks and converting to copies of the coherent set 
aggregate files locally . Files are aggregated using the Bit of data . In contrast with FIG . 4 , only one level of aggregator 
Torrent protocol ( or any suitable Peer - to - peer protocol ) with nodes is present , and each aggregator node 300 communi 
the master acting as a bit torrent tracker . The tracker cates with all downloader nodes 200 in order to reconstruct 
although present is only used to make peer discovery faster , 45 FileCopy 50 . Each Aggregator node 300 reconstructs a 
as a measure of redundancy and in cases where the master separate FileCopy 50 . 
node fails . The aggregator nodes may continue to find peers With reference to FIG . 6 , there is provided a flowchart 
using Local peer discovery while a new master is being showing the architecture of nodes . Master node 100 and 
created . downloading nodes 200 are part of a LAN ( i . e . , an ad - hoc 

The above disclosure and embodiment , and the figures 50 network ) . In the figure , four downloading nodes 200 are 
provided herein , are provided merely as examples and to present and the tree - structure shows that master node 100 
show architectures and interconnectivity of components and operates at multiple levels of the tree . Sequenced segments 
modules of the various systems described herein . Like 30 are prepared by the chunker 110 and distributed to the 
numbers across the various figures are intended to indicate nodes via segment distributor 120 ( both not shown ) . 
like components . In the figures , arrows are meant to show 55 Throughout this disclosure , use of the term “ server ” is 
connectivity / communication but the use of single - direc - meant to include any computer system containing a proces 
tional arrows is not meant to imply that connectivity ! sor and memory , and capable of containing or accessing 
communication is only single - directional . computer instructions suitable for instructing the processor 

With reference to FIG . 1 , there is a flowchart showing the to carry out any desired steps . The server may be a tradi 
overall process of allocating a plurality of data chunks to 60 tional server , a desktop computer , a laptop , or in some cases 
nodes is shown according to an embodiment of the inven - and where appropriate , a tablet or mobile phone . The server 
tion . External file server 5 is accessed by probing engine 60 , may also be a virtual server , wherein the processor and 
which probing engine may be part of the initiating node or memory are cloud - based 
the master node . Chunker 110 ( part of the master node , not The methods and devices described herein include a 
shown ) creates a set of data segments ( data chunks ) from a 65 memory coupled to the processor . Herein , the memory is a 
coherent set of data ( not shown ) on file server 5 . Segment computer - readable non - transitory storage medium or media , 
distributor 120 communicates with download manager 130 which may include one or more semiconductor - based or 
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other integrated circuits ( ICs ) ( such , as for example , field - task given each node ' s current state of available resources 
programmable gate arrays ( FPGAs ) or application - specific ( e . g . , battery power , bandwidth , etc . ) and nodes ' predicted 
ICs ( ASICs ) ) , hard disk drives ( HDDs ) , hybrid hard drives reliability index . 
( HHDs ) , optical discs , optical disc drives ( ODDs ) , magneto As with this educational scenario , the methods described 
optical discs , magneto - optical drives , floppy diskettes , 5 herein can be generalized to other domains and applications 
floppy disk drives ( FDDs ) , magnetic tapes , solid - state drives where there is need to download a similar content among 
( SSDs ) , RAM - drives , SECURE DIGITAL cards or drives , group members with low - end resource limited devices , e . g . , 
any other suitable computer - readable non - transitory storage a community or group under the same network such as users 
media , or any suitable combination of two or more of these , in an organization or training and conferences , events , 
where appropriate . A computer - readable non - transitory stor - 10 public gathering , DNS servers to localize content , military 
age medium may be volatile , non - volatile , or a combination application , etc . 
of volatile and non - volatile , where appropriate . The invention claimed is : 

Throughout this disclosure , use of the term “ or ” is inclu - 1 . A method for cooperative downloading of data , the 
sive and not exclusive , unless otherwise indicated expressly method comprising : 
or by context . Therefore , herein , “ A or B ” means “ A , B , or 15 determining the resources available for each node in an 
both , ” unless expressly indicated otherwise or indicated interconnected array of nodes ; 
otherwise by context . Moreover , “ and ” is both joint and dividing a coherent set of data ( e . g . content ) on a remote 
several , unless otherwise indicated expressly or by context . device into a plurality of data chunks , wherein the 
Therefore , herein , " A and B ” means " A and B , jointly or number of data chunks in the plurality of data chunks 
severally , ” unless expressly indicated otherwise or indicated 20 is equal to or less than the number of nodes in the array 
otherwise by context . of nodes ; 

It is to be understood that while the invention has been for each data chunk in the plurality of data chunks , 
described in conjunction with examples of specific embodi assigning the data chunk to a node in the array of nodes , 
ments thereof , that the foregoing description and the the assignment being based on the determined 
examples that follow are intended to illustrate and not limit 25 resources available for the assigned node , wherein each 
the scope of the invention . It will be understood by those node is assigned either zero or one data chunk , such 
skilled in the art that various changes may be made and that the set of nodes assigned a data chunk forms a set 
equivalents may be substituted without departing from the of downloading nodes ; 
scope of the invention , and further that other aspects , downloading , by each node in the set of downloading 
advantages and modifications will be apparent to those 30 nodes , the respective assigned data chunk to form a set 
skilled in the art to which the invention pertains . The of downloaded data chunks ; 
pertinent parts of all publications mentioned herein are selecting from the array of nodes at least one aggregator 
incorporated by reference . All combinations of the embodi node , the selection based on the determined resources 
ments described herein are intended to be part of the available for the selected node ; 
invention , as if such combinations had been laboriously set 35 retrieving , by the aggregator node or nodes , the down 
forth in this disclosure . loaded data chunks from the set of downloading nodes ; 

and 
EXAMPLES recombining , by the aggregator node or nodes , the down 

loaded data chunks to form a copy of the coherent set 
In an example , the focus was on a case where there is a 40 of data . 

group of mobile / tablet devices trying to download the same 2 . The method of claim 1 , wherein the determined 
content under resource constrained settings . The example resources available comprises remaining battery life , avail 
might be a school that has recently adopted a tablet / mobile - able memory , available storage , and available download 
based blended learning system . bandwidth , and past history of the node . 

Real Scenario Parameters : 45 3 . The method of claim 1 , further comprising identifying 
Task : Downloading a video of 100 MB in a Grade 5 the coherent set of data on a remote device , and retrieving 

Science Class consisting of 27 students , each with a net - metadata pertaining to the coherent set of data . 
worked device . Each student is required to download the 4 . The method of claim 1 , further comprising monitoring 
learning materials for the classroom . the resources available for each node in the array of nodes 

Network : Data bundle and School WiFi . 50 during the downloading of the respective assigned data 
Average download time : 5 minutes per download of the chunk , and re - assigning a data chunk if a node becomes 

content . unsuitable for downloading . 
Allocated teaching time : 35 Minutes . 5 . The method of claim 1 , wherein the dividing the 
Teaching time loss : ( N - 1 ) * 5 , where N is the number of coherent set of data comprises downloading , from the 

contents to be downloaded , N > 1 . 55 remote device , metadata pertaining to the set of data . 
In this scenario , the problem is to collaboratively down - 6 . The method of claim 1 , further comprising selecting 

load content efficiently and distribute it amongst all the users from the array of nodes a master node and configuring the 
while ensuring better user experience , thereby reducing master node to coordinate the downloading and aggregator 
teaching time loss . nodes . 

A system according to the disclosure is designed and 60 7 . The method of claim 1 , wherein a plurality of nodes are 
implemented using the student devices as nodes . The chal - selected as aggregator nodes , and wherein each aggregator 
lenges overcome are : dynamically determining and predict - node retrieves downloaded data chunks from the set of 
ing of the resource constrained level of an individual node downloading nodes . 
and measuring its reliability pattern ; given the use of low - 8 . The method of claim 1 , wherein , prior to determining 
end devices , determination of how to collaboratively down - 65 the resources available for each node in the array of nodes , 
load the same content where nodes can easily run under one node from the array of nodes identifies the coherent set 
resource limitation ; intelligent allocation of downloading of data on the remote device . 
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9 . The method of claim 1 , wherein the downloading nodes downloading , by the set of downloading nodes , the 
are selected based on available download bandwidth and assigned data chunks from the remote device ; and 
remaining battery life , and the aggregator node or nodes are aggregating , by the aggregator node , the downloaded data 
selected based on remaining battery life and available chunks to form a copy of the coherent set of data . 
memory . 17 . The method of claim 16 , wherein the downloading 

nodes and the aggregator node or nodes are identified by the 10 . The method of claim 1 , further comprising analyzing master node . the determined resources for a node in the array of nodes to 18 . The method of claim 16 , further comprising a recruit generate a reliability index indicative of the reliability of the ment algorithm that continuously monitors the resources 
node as a downloader node , aggregator node , or master available to the downloading nodes and aggregator node or 
node . nodes , dynamically allocates data chunks to downloading 

11 . The method of claim 1 , further comprising distribut nodes based on the determined resources available , and 
ing , from the aggregator node or nodes , the copy of the dynamically assigns aggregator tasks based on the deter 
coherent set of data to each node in the array of nodes . mined resources available . 

12 . The method of claim 1 , further comprising displaying , 15 19 . A method for cooperative downloading of data , the 
on an interface , the copy of the coherent set of data . 15 method comprising : 

13 . A system comprising a plurality of nodes , each node identifying , by an initiating node , an array of nodes in 
of the plurality of nodes comprising : communication via a network , the array of nodes 

a processor ; comprising the initiating node ; 
a memory coupled to the processor , the memory config - 20 for each node in the array of nodes , characterizing the 

ured to store program instructions for instructing the promise index for the node , wherein the promise index 
processor to carry out the method of claim 1 . is a function of a resource index based on the instan 

14 . The system of claim 13 , wherein the plurality of nodes taneous resources available to the node and a reliability 
index based on the historical log of the node ; are interconnected via a network . 

15 . The system of claim 13 , wherein the program instruc - 25 identifying , based on the resource , reliability , and promise 
tion are configured to instruct one node from the plurality of indices , a set of downloading nodes from the array of 
nodes to act as a master node , wherein selection of the nodes ; 
master node is based on the determined resources , and identifying , based on the resource , reliability , and promise 
wherein the master node coordinates the downloader and indices , an aggregator node or nodes from the array of 

nodes ; aggregator nodes . 30 for 16 . A method for cooperative downloading of data , the for each downloading node in the array of nodes , assign 
method comprising : ing either zero or one data chunk from a coherent set of 

identifying , by an initiating node , an array of nodes in data chunks residing on a remote device ; 
communication via a network , the array of nodes downloading , by the set of downloading nodes , the 
comprising the initiating node ; assigned data chunks from the remote device ; 

35 
characterizing the resources available for each node in the aggregating , by the aggregator node , the downloaded data 

array of nodes ; chunks to form a copy of the coherent set of data ; and 
identifying a single master node from the array of nodes ; displaying the copy of the coherent set of data on a display 

associated with the initiating node . identifying a set of downloading nodes from the array of 20 . The method of claim 19 , further comprising dynami nodes ; identifying an aggregator node or nodes from the array of * cally monitoring the resource , reliability , and promise indi 
nodes ; ces for each node in the array of nodes , and dynamically 

for each downloading node in the array of nodes , assign assigning download and aggregator tasks based on the 
ing either zero or one data chunk from a coherent set of monitored indices . 
data chunks residing on a remote device ; * * * * * 


